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Abstract.-The r e s u l t s of our experimental i n v e s t i g a t i o n s of the h y s t e r e s i s of the c r i t i c a l c u r r e n t i n superconducting proximity e f f e c t bridges driven i n t o nonequilibrium s t a t e s by inj e c t i n g phonons through the transverse normal metal s t r i p a r e reported. The relevance of the r e s u l t s to t h e e x i s t i n g t h e o r i e s of non-equilibrium superconductors i s examined.
INTRODUCTION.-Recently, there has been an increas i n g i n t e r e s t i n the study of t h e p r o p e r t i e s of superconductors driven i n t o nonequilibrium s t a t e s by e x t e r n a l mechanisms such a s q u a s i p a r t i c l e injection, photon i n j e c t i o n and phonon i n j e c t i o n 11-3). I n t h i s paper we r e p o r t the r e s u l t s of our experimental study of an i n t e r e s t i n g property ( v i z . the h y s t e r e s i s of the c r i t i c a l c u r r e n t ) of long superconducting proximity-effect bridges driven i n t o nonequilibrium s t a t e s by phonon i n j e c t i o n through the transverse normalmetal s t r i p . I n t h e event of t h e f a i l u r e of a simple heating model t o account f o r the increase i n the experimentally observed e f f e c t i v e bridge temperature i n the nonequilibrium s t a t e , we f i n d t h a t one has t o invoke the Parker's T* model / 4 / (also known a s the "Modified heating theory of nonequilibrium superconductor's) t o explain the r e s u l t s .
EXPERIMENTAL.-The s t r u c t u r e s used i n our experiments a r e crossed t h i n f i l m s t r i p s of t i n and silver (see i n s e t f i g u r e l ) prepared by sequential vacuum evaporation of these m a t e r i a l s onto clean g l a s s s u b s t r a t e s . The t r a n s i t i o n temperature of the overlay region i s depressed r e l a t i v e t o t h e Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19786224 h y s t e r e s i s of t h e c r i t i c a l c u r r e n t i n c r e a s i n g a s t h e temperature i s lowered. The s p e c i a l f e a t u r e observed i n our experiments i s t h a t when a d i r e c t c u r r e n t ( I ) i s i n j e c t e d through t h e normal-metal J s t r i p , nonequilibrium q u a s i p a r t i c l e s a r e generated i n t h e proximity-effect b r i d g e by p a i r breaking by thermal phonons from t h i s h e a t e r s t r i p /2/ and cons e q u e n t l y t h e o v e r l a y region i s weakened f u r t h e r causing a decrease i n t h e h y s t e r e s i s of t h e c r i t ic a l c u r r e n t which i s reminiscent of an e f f e c t observed when t h e b a t h temperature i s r a i s e d .
A t b a t h temperatures c l o s e t o ( b u t lower than) t h e bulk t r a n s i t i o n temperature of t h e prox i m i t y -e f f e c t b r i d g e we observe ( s e e f i g u r e 1) t h a t t h e square r o o t of t h e c r i t i c a l c u r r e n t d i f f e r e n c e ( 6 1~) '~~ v a r i e s l i n e a r l y w i t h ( i ) b a t h temperature (T) f o r zero i n j e c t i o n c u r r e n t and ( i i ) s q u a r e of t h e i n j e c t i o n c u r r e n t ( I~) a t a f i x e d b a t h tempe-
J r a t u r e where 61 = I c l -Ic2. These o b s e r v a t i o n s a s such have no t h e o r e t i c a l e x p l a n a t i o n . I f we as-
sume t h e p r o p e r t i e s ( i n our c a s e , t h e h y s t e r e s i s of t h e c r i t i c a l c u r r e n t ) of a nonequilibrium superconductor t o b e t h e thermal e q u i l i b r i u m propert i e s o f an o r d i n a r y superconductor a t a n e f f e c t i v e
temperature T ' g r e a t e r than t h e helium-bath temper a t u r e , f i g u r e 1 can b e used t o e v a l u t e t h e e f f e c -I t i v e temperature T corresponding t o an i n j e c t i o n c u r r e n t IJ ( s e e t a b l e I ) . Table I 
: u s i n g eq. (1) from f i g . 1 To examine whether t h e observed phenomena i s r e s u l t of pure h e a t i n g , we use a simple h e a t i n g model which assumes t h a t t h e o n l y e f f e c t o f t h e phonon i n j e c t i o n i s t o r a i s e t h e temperature while t h e superconductor remains i n complete thermal e q u i l i b r i u m a t t h e e l e v a t e d temperature (T*) d e t e rmined by t h e h e a t imput and t h e thermal boundary conductance between t h e t h i n f i l m and t h e s u b s t r a t e and/or t h e l i q u i d helium. The thermal conductance depends on t h e d i f f e r e n c e of t h e f o u r t h powers of t h e f i l m and ambient temperatures 171. I n t h i s c a s e , T' i s o b t a i n e d u s i n g t h e r e l a t i o n / 4 / , T i s s i g n i f i c a n t l y g r e a t e r than t h e i n c r e a s e d temperature r e s u l t i n g from pure h e a t i n g .
D e f e r r i n g a d e t a i l e d a n a l y s i s of t h e expe-
rimental s i t u a t i o n and i t s connection w i t h t h e T* model t o a d e t a i l e d p u b l i c a t i o n ,we have merely shown t h a t t h e observed d e v i a t i o n from a simple h e a t i n g model i s c o n s i s t e n t w i t h t h e modified hea-
t i n g model /4/ i n which t h e i n j e c t e d energy i s concentrated among t h e high-energy phonons r e s u lt i n g i n a g r e a t e r i n c r e a s e i n t h e number of t h e s e phonons, and hence a g r e a t e r e f f e c t i v e temperature, than i f t h e i n j e c t e d energy is d i s t r i b u t e d among phonons of a l l energy.
